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METHOD FOR FORMING AN ELASTIC NECKED-BONDED MATERIAL 

FIELD OF THE INVENTION 

5 The present invention relates to methods of forming elastidzed materials. More 

particulariy, the present invention relates to composite elastic neck-bonded materials and 
methods of making the same. 

BACKGROUND 

10 

Polymeric nonwoven v^ebs fomned by nonwoven extrusion processes such as, for 
example, meltblowing processes and spunbonding processes may be manufactured into 
products and components of products so inexpensively that the products could be 
viewed as disposable after only one or a few uses. Examples of such products include 

15 diapers, tissues, wipes, garments, mattress pads and feminine care products. There 
exists a continuing need for improved materials whidi are elastic, resilient, and flexible 
while still having a pleasing feel. A problem in fulfilling this need is that commercially 
viable elastic materials often feel rubbery. 

The unpleasant tactile properties of elastic materials may be avoided by forming a 

20 laminate comprising an elastic sheet with one or more nonelastic sheets which have a 
soft feel. However, nonwoven webs formed from nonelastic polymers having improved 
tactile properties such as, for example, polypropylene are generally considered 
nonelastic. The lack of elasticity usually restricts these nonwoven fabrics to applications 
where elasticity is not required. Nevertheless, laminates of elastic and nonelastic 

25 materials have been made by bonding the nonelastic material to the elastic material in a 
manner that allows the laminate to stretch and recover yet which retains the desirable 
tactile properties of the nonelastic material. Elastic laminates, comprising an elastic 
sheet and a soft nonelastic material, are typically incorporated into products such that the 
soft material will contact a person's skin or fomis the outermost portion of the product. 

30 In one such laminate, a nonelastic material is joined to an elastic material while 

the elastic material is in a stretched condition so that when the elastic material is relaxed, 
the nonelastic material gathers between the locations where it is bonded to the elastic 
material. The resulting composite elastic material is readily stretchable to the extent that 
the nonelastic material gathered between the bond locations allows the elastic material to 

1 
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elongate. An example of this type of composite material is disclosed, for example, by 
U.S. Patent No. 4,720.415 to Vander Wielen et al. 

Another elastic laminate known in the art includes those conventionally referred to 
as -neck-bonded- materials. Necked-bonded materials are generally fabricated by 
bonding an elastic member to a non-elastic member while the non-elastic member is 
nantwed or necked. Neck-bonded laminates provide a material which is stretchable In 
the necked direction, the necked direction Is most commonly also the cross-machine 
direction. Examples of neck-bonded laminates are described in commonly assigned U.S. 
Patent Nos. 5.226.992 and 5,336.545 both to Momian. In addition, "reversibly necked 
materials" include materials v>*ijch are stretchable to about the pre-necked dimensions 
and which, upon release of the stretching force, substantially recover to the necked 
dimensions unaided by additional materials. Such materials are typically fornied by 
necking the material and treating the necked material, such as by heating and cooling the 
material, in order to impart memory of the necked dimensions to the material. Reverelbly 
necked materials and methods of fomiing the same are disclosed In commonly assigned 
U.S. Patent No. 4.965.122 to Morman. 

Due to the methods of making elastic laminates, such as those described above, 
there exists a variety of elastic materials having the requisite characteristics for use in 
fomiing the elastic laminate structure. Similariy, there likewise exists a variety of 
neckable materials which are suitable for use in forming the elastic laminate structure. 
However, due to the variety of elastic and neckable materials potentially used to form 
elastic laminates there exist certain combinations of elastic and neckable materials 
which, although having excellent physical characteristics, do not adhere vi/ell to the other 
layers of the laminate. Thus, there exists a need for necked bonded laminates, and 
methods of producing the same, having improved integrity as well as the desired tactile 
and elastic properties. 

DEFINITIONS 

30 As used herein the temn "spunbonded fibers" refers to small diameter fibers which 

are fonned by extruding molten themioplastic material as filaments from a plurality of 
fine, usually circular capillaries of a spinneret with the diameter of the extruded molten 
filaments then being rapidly reduced as described in. for example, in U.S. Patent 
4.340.563 to Appel et al., and U.S. Patent 3,692.618 to Dorschner et al.. U.S. Patent 

35 3.802.817 to Matsuki et al.. U.S. Patents 3.338.992 and 3.341,394 to Kinney. U.S. Patent 



20 
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3.502763 to Hartman. U.S. Patent 3.542,615 to Dobo et al; and U.S. Patent No. 
5.382.400 to Pike et al. Spunbond fibers are then usually cooled and solidified so they 
are not tacky when they are deposited onto a collecting surface. Spunbond fibers are 
generally continuous and have average diameters (from a sample of at least 10) larger 
5 than 7 microns, more particularly, between about 10 and 40 microns. 

As used herein the temi "meltblown fibers" refens to fibers formed by extruding a 
molten thermoplastic material through a plurality of fine, usually circular, die capillaries as 
molten threads or filaments into converging high velocity, usually hot, gas (e.g. air) 
streams which attenuate the filaments of molten thermoplastic material to reduce their 

10 diameter, which may be to microfiber diameter. Thereafter, the meltblown fibers are 
cooled and carried by the high velocity gas stream and are deposited on a collecting 
surface to form a web of randomly disbursed meltblov^ fibers. Such a process is 
disclosed, for example, in U.S. Patent 3,849,241 to Butin et al. 

As used herein "multilayer laminate" refers to a laminate wherein some of the 

15 layers are spunbond and some meltblown such as a spunbond/meltblown/spunbond 
(SMS) laminate and others as disclosed in U.S. Patent 4,041 ,203 to Brock et al., U.S. 
Patent 5,169.706 to Collier, et al, U.S. Patent 5,145,727 to Potts et al., U.S. Patent - 
5,178,931 to Pericins et al. and U.S. Patent 5,188.885 to Timmons et al. Such a laminate^ 
may be made by sequentially depositing onto a moving forming belt first a spunbond fiberr 

20 layer, then a meltblown fiber layer and last another spunbond fiber layer and then 
bonding to form a laminate. Alternatively, the fabric layers may be made individually, 
collected in rolls, and combined in a separate bonding step. Such fabrics usually have a 
basis weight of from about 0.1 to about 12 ounces per square yard (about 3.4 to about 
400 g/m^), or more particulariy from about 0.75 to about 3 ounces per square yard (about 

25 25 to about 101 g/m^). Multilayer laminates may also have various numbers of meltblown 
layers or multiple spunbond layers in many different configurations and may include other 
materials like woven layers, films or coform materials. 

As used herein, the term "machine direction" or MD refers to the direction in which 
the neckable material is produced. The term "cross machine direction" or CD refers to 

30 the direction generally perpendicular to the MD. 

As used herein the term "microfibers" refers to small diameter fibers having an 
average diameter not greater than about 100 microns, for example, having an average 
diameter of from about 0.5 microns to about 50 microns, or more particulariy. microfibers 
desirably have an average diameter of from about 2 microns to about 40 microns. 

3 
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As used herein, "ultrasonic bonding" refers to a process performed, for example, 
by passing tlie fabric between a sonic horn and anvil roil as illustrated in U.S. Patent 
4,374.888 to Bornslaeger. 

As used herein "thermal point bonding" involves passing a fabric or web of fibers 
5 to be bonded between a heated bonding assembly, such as a heated calender roll and a 
heated anvil roll. The calender roll is usually, though not always, patterned In some way 
so that the entire fabric is not bonded across its entire surface, and the anvil roll is 
usually smooth. As a result, various patterns for calender rolls have been developed for 
functional as well as aesthetic reasons. One example of a pattern is the Hansen 

10 Pennings or "HP* pattern with about a 30% bond area with about 200 bonds/square inch 
as taught in U.S. Patent 3,855.046 to Hansen and Pennings. A new HP pattern roll has 
square point or pin bonding areas wherein each pin has a side dimension of 0.038 inches 
(0.965 mm), a spacing of 0.070 inches (1.778 mm) between pins, and a depth of bonding 
of 0.023 inches (0.584 mm). The resulting pattern has a bonded area of about 29,5%. 

1 5 Another typical point bonding pattern is the expanded Hansen Pennings or "EHP" bond 
pattem which, when new, produces a 15% bond area with a square pin having a side 
dimension of 0.037 inches (0.94 mm), a pin spacing of 0.097 inches (2.464 mm) and a 
depth of 0.039 inches (0.991 mm). Another typical point bonding pattem designated 
"714" has square pin bonding areas wherein each pin has a side dimension of 0.023 

20 inches, a spacing of 0.062 inches (1.575 mm) between pins, and a depth of bonding of 
0.033 inches (0.838 mm) when new. The resulting pattem has a bonded area of about 
15%. Yet another common pattem is the C-Star pattem which has a bond area of about 
16.9% when new. The C-Star pattem has a cross-direcBonal bar or "corduroy" design 
interrupted by shooting stars. Other common patterns include a diamond pattem with 

25 repeating and slightly offset diamonds with about a 16% bond area and a wire weave 
pattem looking similar to a window screen, with about a 19% bond area. Typically, the 
percent bonding area varies from around 10% to around 30% of the area of the fabric 
laminate web. 

The term "elastic" as used herein refers to any material which, upon application of 
30 a biasing force, is elongatable to a stretched, biased length which is at least about 160 
percent of its relaxed unbiased length, and which, will recover at least 55 percent of its 
elongation upon release of the elongating force. A hypothetical example would be a one 
(1) inch sample of a material which is elongatable to at least 1.60 inches and which, upon 
being elongated to 1.60 inches and released, will recover to a length of not more than 
35 1.27 inches. Many elastic materials may be stretched by much more than 60 percent of 
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their relaxed length, for example. 100 percent or more, and many of these will recover to 
substantially their original relaxed length, for example, to within 105 percent of their 
original relaxed length, upon release of the stretching force. 

As used herein, the term "nonelastic" refers to any material which does not fall 
5 within the definition of "elastic." above. 

As used herein, the term "recover" refers to a retraction of a stretched material 
upon termination of a biasing force following stretching of the material by application of 
the biasing force. For example, if a material having a relaxed, unbiased length of one (1) 
inch is elongated 60 percent by stretching to a length of 1.6 inches the material would be 

10 elongated 60 percent (0.6 inch) and would have a stretched length that is 160 percent of 
its relaxed length. If this exemplary stretched material contracted, that is recovered to a 
length of one and two tenths (1.2) inches after release of the biasing and stretching 
force, the material would have recovered about 66 percent (0.4 inch) of its 0.6 inch 
elongation. Recovery may be expressed as [(maximum stretch length - final sample 

15 length)/(maximum stretch length - initial sample length)] X 100. 

As used herein, the terms "necking" or "neck stretching" interchangeably refer to a ^ 
method of elongating a nonwoven fabric, e.g. in the machine direction, to reduce its width^ " 
in the direction perpendicular to that of elongation in a controlled manner to a desired 
amount The controlled stretching and necking may take place under cool, room 

20 temperature or higher temperatures and is limited to an increase in overall dimension in 
the direction being stretched up to the elongation required to break the fabric. When 
relaxed, the web relaxes toward its original dimensions. Such a process is disclosed, for 
example, in U.S. Patent 4,443.513 to Meitner and Notheis. U.S. Patents 4,965.122, v- 
4,981,747 and 5,114,781 to Morman and U.S. Patent 5,244,482 to Hassenboehler Jr. et 

25 al. 

As used herein, the tenm "neckable material" refers to any material which can be 
necked; that is a material that can be constricted in at least one dimension by processes 
such as, for example, drawing . 

As used herein, the term "necked material" refers to any material which has been 
30 constricted in at least one dimension by processes such as, for example, drawing. 

As used herein the term "reversibly necked material" refers to a material which is 
capable of being stretched in the necked direction to its original pre-necked dimensions 
and, upon removal of the stretching force, substantially returning to the necked 
dimensions unaided, such as by an elastomeric sheet. Typically, reversibly necked 
35 materials include necked materials which have been heated and cooled while under a 

* 5 
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tensioning force. The ineating and cooling of the material while necked serves to impart 
memory of the material's necl<ed condition. 

As used herein, the term "percent neckdown" refers to the ratio determined by 
measuring the difference between the un-necked dimension and the necked dimension 
5 of the neckable material and then dividing that difference by the un-necked dimension of 
the neckable material. The ratio is then multiplied by 100. 

As used herein, the term "sheet" means either a film, foam or a nonwoven web. 
As used herein, the term "elastomeric precursor" refers to a material that is not 
elastic as applied but may be treated to produce an elastic layer by undergoing 
10 polymerization, curing, cross-linking, coalescing, drying or evaporation of a solvent. 
However, the tenn "elastomeric precursor* does not exclude materials containing 
elastomers. For example, often a latex fomnulation will contain elastomers but the 
applied latex formulation does not form an elastic material until dried. 

As used herein the tenn "elastic layer" means an elastic material which, when 
1 5 supported on a necked substrate, miay be etther continuous, e.g. a film, or discontinuous, 
e.g. a repeating or random pattern of discrete regions. 

As used herein, flie temi "composite elastic necked^bonded material" refers to a 
material having an elastic layer attached to a necked material. The elastic material may 
be attached to the necked material at intennittent points or regions or may provide 
20 complete coverage of the necked material. The composite elastic necked-bonded 
material is elastic in a direction generally parallel to the direction of neckdown of the 
necked material. A composite elastic necked-bonded material may include more than 
two layers. For example, the elastic material may have a necked material joined to both 
of its sides so that a three-layer composite elastic necked-bonded material is fomied 
having a stmcture of necked material/elastic material/necked material. Additional elastic 
material layers and/or necked material layers may be added. In addition, numerous other 
combinations of elastic material layers and necked materials may also be used. 

SUMMARY OF THE IIMVEMTIOM 

It is an object of the present invention to provide a meUiod of making necked- 
bonded laminates having improved integrity. 

It is a further object of the present invention to provide a method of making necked- 
bonded laminates which is more efficient and which provides improved compatibility 
between elastic and neckable materials. 

6- 
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These and other objects, features and advantages are provided by the present 
invention which in one aspect relates to a process of forming a stretchable composite 
comprising the steps of: (a) applying an elastomeric precursor to a first neckable material, 
(b) neck-stretching said neckable material; and (c) treating said elastomeric precursor to 
5 form an elastic layer wherein said elastic layer has sufficient recovery properties and 
coverage to allow the neckable material to recover when stretched in the necked 
direction. The elastomeric precursor may be applied to the neckable material prior to or 
during neck-stretching of the neckable material. 

A further aspect of the invention relates to a process of forming a stretchable 

10 composite comprising the steps of: (a) applying an elastomeric precursor to a first necked 
material; and (b) treating said elastomeric precursor to form an elastic layer wherein said 
elastic layer has sufficient recovery properties and coverage to allow the neckable 
material to recover when stretched in the necked direction. 

In a further aspect of the invention, the elastomeric precursor may comprise a latex 

15 and treating of the elastomeric precursor may comprise drying the latex. In still a further 
aspect of the invention, the elastomeric layer may comprise a thermoset polymer vrtiich is; 
formed by cross-linking and/or curing the elastomeric precursor such as by heating the - 
precursor. Further, the elastomeric precursor may be applied in an amount sufficient to 
provide an elastic layer having a coverage of from 2 to 100 g/m^. In still a furOier aspect 

20 of the Invention, a second neckable layer may be attached to the elastic layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of an exemplary process for forming an 
25 elastic necked-bonded composite material having an elastic layer f omied from an 
elastomeric precursor. 

FIG. 2 is a plan view of a neckable material under a tensioning force. 
FIG. 3 is a plan view of a neckable material before tensioning and necking. 
FIG. 3A is a plan view of a necked material. 
30 FIG. 3B is a plan view of a composite elastic necked-bonded material while partially 

stretched. 

FIG. 4 is a schematic representation of an exemplary process for forming an elastic 
necked-bonded composite material having an elastic layer fonned from an elastomeric 
precursor. 
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FIG. 5 is a schematic representation of an exemplary process for forming an elastic 
necked-bonded composite material having an elastic layer fonmed from an elastomeric 
precursor. 

FIG. 6 is a schematic representation of an exemplary process for forming an 
elastic necked-bonded composite material having an elastic layer formed from an 
elastomeric precursor. 

FIG. 7 is a top view of a composite elastic necked-bonded material having a 
discontinuous patterned elastic layer. 

DETAILED DESCRIPTIOM OF THE INVEMTIOM 

Referring to FIG. 1 of the dravwngs there is schematically illustrated a process for 
forming a composite elastic necked-bonded material 32. According to the present 
invention, a neckable material 12 is unwound from a supply roll 14 and travels in tfie 
direction indicated by the anrows associated therewith as the supply roll 14 rotates in the 
direction of the arrows associated therewith. Those skilled in the art will apprBciate that 
the neckable material 12 may be formed by nonwoven extrusion processes, such as. for 
example, meltblowing processes or spunbonding processes, without fii«t being stored on 
a supply roll. An elastomeric precursor 26 may then be applied to the neckable material 
12 prior to necking the neckable material 12. Thereafter, the elastomeric precursor 26 
may be treated after necking to form a composite necked-bonded elastic material 32. 

The elastomeric precursor 26 is desirably applied having a thickness of from 0.1 
to 1 00 mils or in an amount sufficient to provide an elastic layer 27 vwth a coverage of 
from about 1 to about 100 g/m*. desirably from about 2 to about 50 g/m^ and even more 
desirably about 5 to about 20 g/m^. Such low basis weight sheets are useful for 
economic reasons, particulariy for use in disposable products. However, depending on 
the desired application of the elastic necked-bonded composite, elastic sheets having 
higher basis weights may also be advantageous. Suitable elastic materials and their 
con-esponding elastomeric precursors are discussed herein below in greater detail. The 
elastomeric precursor 26 may be applied to the neckable material 12 by any of the 
numerous techniques known in the art for printing, coating or spraying materials on a 
sheet or fabric-like surface. The elastomeric precursor 26 may be applied by various 
methods including, but not limited to. wire-wound coating bars, calendering, extrusion, 
spraying, direct gravure printing, knife-over-roll coating, floating-knife coating, reverse roll 
coating, rotary screen coating, transfer coating and flexographic printing. Further, it will 

8 
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be appreciated that the elastomeric precursor may be applied in a single or sucx:essive 
applications. 

The desired method of applying particular elastomeric precursors will vary in 
accord with factors well known to those skilled in the art, such as, the flow characteristics 
5 of the precursor, the desired thickness and gauge tolerance of the coating, line-speed 
and the surface characteristics of the material being coated. Flexographic or direct 
gravure printing are preferred since it allows a precise application of small quantities of 
precursor to be applied to the neckable material. In gravure, flexographic and screen 
printing equipment, the printed composition is transferred to a printing transfer surface 

10 which contains the printed pattems and then from the transfer surface the printing 

composition is transferred directly to the substrate. Preferably, the elastomeric precursor 
is applied In a pattern which at least extends substantially continuously across the fabric 
in the necked direction. 

In the particular embodiment of FIG. 1, the neckable material 12 passes through a 

15 nip 18 of drive-roll assembly 16 formed by the rolls 20 and 22. An elastomeric precursor 
26 is applied to the neckable material 12 by a coating assembly 24, such as a gravure- 
print coater. The individual rolls of tiie coating assembly 24 rotate and guide the 
elastomeric precursor 26 through the coating assembly 24 onto the neckable material 12. — 
The elastomeric material 16 is removed from the coater by lightiy pressing the precursor * 

20 against the neckable material 12 in the final nip of coating assembly 24 created with roll r 
20 of drive-roll assembly 16. However, the elastomeric precursor can alternatively be 
applied down line from roll assembly 16, prior to treating device 30, such that the 
elastomeric precursor is applied while the neckable material is being neck-stretched. 
Penetration of the elastomeric precursor typically occurs without the need for 

25 additional means for pressing or driving the elastomeric precursor Into the neckable 

material. For example, although polyolefin nonwoven webs are often hydrophobic, many 
latex formulations include surfactants which make the latex compatible with the 
nonwoven material and are thus readily wicked or absorbed into the web. However, in 
the event further peneb^ation is desired an additional pressure roll assembly may be 

30 provided to obtain the desired penetration. Further, eiflier the composition of tiie 
elastomeric precursor may be varied or the neckable material treated to achieve the 
desired compatibility between the materials. 

With porous neckable materials, such as a nonwoven web, the depth to which the 
elastomeric precursor 16 penetrates the neckable material 12 can affect the elastic 

35 properties of the necked-bonded laminate produced. Generally, the elastic properties of 

9 
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the resulting laminate decrease as the degree of penetration of elastomeric precursor 26 
increases. Moreover, strikethrough of the precursor and the resulting elastic material can 
detract from the soft hand of the necked material. Thus, the nip pressure should be 
closely controlled until the elastomeric precursor has been treated to forni an elastic 
layer. In most cases, a gap will be maintained between the rolls to insure that the 
precursor does not significantly penetrate into the neckable material. However, 
penetration of the elastomeric precursor near the surface is desirable where the elastic 
layer does not sufficiently bond to the necked material since, when treated, the resulting 
elastic layer will form an elastic material which is embedded in the neckable material. For 
example, with nonwoven materials the elastic layer will surround fibers within the web 
thereby providing mechanical attachment to the web. In such instances, the elastomeric 
precursor 26 should penetrate at least one fiber thickness and desirably penetrates from 
2 to about 1 0 fiber thicknesses. 

Penetration of the elastomeric precursor into the neckable material may be limited 
or controlled by various means. Printing techniques will likely cause less penetration 
than spray or gravure application of the precursor. In addition, the neckable material may 
be treated immediately after being applied to the neckable material thereby limiting tiie 
extent to which the viscous precursor penetrates into the neckable material. In addition, 
the neckable material may include a barrier to further stop penetration of the precursor. 
20 For example, the neckable material may comprise a multilayer laminate, e.g. an SMS. 
having a thin internal meltblown layer adjacent a low basis weight spunbond which limits 
penetration and prevents strikethrough. Nonvwven meltblown fabrics having fiber 
diameters less than 10 microns typically have very small pore structures which will 
prevent penetration of tiie precursor. Alternatively, larger fiber diameter nonwovens with 
25 larger pore sizes may be treated witii or include a repellent, such as a fluorocariaon. 
which prevents penetration of the precursor into the fabric; see U.S. Patent 5.441.056 
issued to Weber et al., the entire contents of which are incorporated herein by reference. 
In this regard, a neckable material may be produced using multiple spunbond banks 
wherein one or more banks produce layers of spunbond fibers which are treated with or 
30 otherwise incorporate a repellent and at least the last bank fomis a layer of untreated 
fibers over the previously laid repellent-treated fibers. The multiple layers of spunbond 
fibere may tiien be bonded to form a coherent web capable of being necked. Thus, 
when the precursor is applied to ttie neckable material it will penetrate only tiie repellent- 
free fibers located at tiie upper surface of the neckable material 
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From the drive-roll assembly 16, the neckable material 12 undergoes neck- 
stretching, being pulled by the pressure nip 34 formed by a bonder-roll assembly 36. 
Because the peripheral linear speed of the rolls of the drive-roll assembly 16 is controlled 
to be less than the peripheral linear speed of the bonder-roll assembly 36, the neckable 
5 material 12 is tenstoned between the drive-roll assembly 16 and the bonder-roll assembly 
36. By adjusting the distance between and the difference in the speeds of the roll 
assemblies 16 and 36. the neckable material 12 is tensioned so that it necks a desired 
amount, forming necked material 28. 

The neckable material 12 desirably necks a desired amount before reaching the 

10 treating device 30 although It may neck further upon heating. In reference to FIG. 2. a 
neckable material 12 is necked-stretched between a first and second roll assembly 16 
and 36. However, the percent neckdown increases as the neckable material travels 
away from the first roll assembly 16 towards the second roll assembly 36. The neckable 
material 12 necks until approaching equilibrium, a point at which without additional 

15 tension or heating no further necking will occur. Desirably, roll assemblies are separated 
a sufficient distance to substantially approach equilibrium. Further, it is also desirable 
that the elastomeric precursor (not shown) is treated, at a point along the distance 
between the first and second roll assemblies 16 and 36, such that an elastic layer is not 
formed until after the neckable material is necked the desired amount. 

20 The relation between the original dimensions of the neckable material 12 to its 

dimensions after tensioning and necking determines the approximate limits of stretch of 
composite elastic necked-bonded material 32. Because the necked material 28 is able to 
stretch and return to its pre-necked dimensions in the cross-machine direction, the 
composite elastic necked-bonded material 32 will be stretchable in generally the same 

25 direction that the neckable material 12 was necked. 

For example, with reference to FIGS. 3. 3A, and 3B, if it is desired to prepare a 
composite elastic necked-bonded material stretchable to a 150% elongation, a width of 
neckable material shown schematically and not necessarily to scale in FIG. 3 having a 
width "A" such as. for example, 250 cm, is tensioned by force F so that it necks down to a 

30 width "B" of about 100 cm. The necked material shown in FIG. 3A may have an elastic 
precursor (not shown) applied thereto and then treated to form an elastic layer (not 
shown). The resulting composite elastic necked-bonded material shown schematically 
and not necessarily to scale in FIG. 3B has a width "B" of about 100 cm and is 
stretchable to at least the original 250 cm width "A" of the neckable material for an 

35 elongation of about 150% (or as discussed herein, the material is stretchable to 250% of 
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its relaxed unbiased width). As can be seen from the example, the elastic limit of the 
elastic sheet needs only to be as great as the maximum desired stretch of the necked- 
bonded laminate, often it will be desirable to employ an elastic layer having the ability to 
stretch to at least the pre-necked dimensions of the necked-bonded material. 
5 Refening to FIG. 1 . the necked material 28 is maintained in suc^i tensioned, 

necked condition while tiie overiying elastomeric precursor 26 is treated, thereby fomiing 
an elastic layer 27 in intimate contact with the necked material 28 and which together 
form a composite elastic necked-bonded laminate 32. In this regard, it is Important to 
note that due to the nature of the elastomeric precursor 26 and the porous neckable 
1 0 material, treatment of the elastomeric precursor 26 forms an elastic material which 

attaches to the necked material by bonding to the material and/or mechanically attaching 
thereto by physically fomiing about fibers at or near the surface of the necked material. 
Thus, in most instances, additional bonding or laminating processing will not be required 
to achieve a necked-bonded laminate having the desired integrity. 
1 5 Treatment of the elastomeric precursor 26 will vary with regard to the particular 

precursor and the mechanism responsible for generating an elastic layer 27. For 
example, reactions may be induced by various means such as infrared radiation, 
ultrasound, ultraviolet radiation, x-ray, electron beam. etc. Elastomeric precursors 
employing these and other initiators to form an elastic are believed suitable for use with 
20 the present invention. Nevertheless, the most common commercially available 
elastomeric precursors typically include thermoset and latex formulations that are 
activated by heating or dried by heating or microwaves. Thus, altiiough flie particular 
embodiments discussed herein are directed toward use of heat set and/or latex 
formulations, the invention is not limited to use of such materials or processes employing 
25 the same. 

In reference to tiie particular embodiment of FIG. 1. an elastomeric precursor 26, 
such as a latex or heat set formulation, may be treated by heating the necked material 28 
and applied elastomeric precursor 26 in treating apparatus 30. such as an oven. In 
instances in which the treatment of the elastomeric precursor includes heating, it vwll be 

30 noted that tills may be perfonned simultaneously with heating tiie necked material to 
create a "reversibly necked material" as described in U.S. Patent No. 4,965,122 to 
Momian, ttie entire contents of which are incorporated herein by reference. In addition, 
the oven may have multiple temperature control zones (not shown) so that the necking 
process is substantially complete before significant ti-eatinent of the elastomeric 

35 precursor. 
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Additional bonding between the necked material 28 and a thermoplastic 
elastomeric layer may, optionally, be achieved by applying additional heat and/or 
pressure to the elastic necked-bonded laminate. Typically this will include bringing the 
elastic layer sufficiently above its Tg to soften the elastic material to a point at which it is 
5 no longer elastic. The bonder-roll assembly 36 may be a patterned calender roll 38 
arranged with a smooth anvil roll 40. Alternatively, a smooth calender roll may be used. 
For thermoplastic elastomers it may be further desirable to have one or both of the 
calender roll 38 and the anvil roll 40 heated and the pressure between these two roils 
adjusted by well known means to provide the desired temperature and bonding pressure. 

10 Various other bond patterns may be used including, but not limited to, sinusoidal dot 
patterns and those patterns referred to herein above in connection with themial point 
bonding. The bond surface area on the composite elastic necked bonded material 32 
may approach about 100 percent and still provide a material with good stretch properties. 
Other methods may be used to further join the layers such as, for example, adhesives, 

15 ultrasonic welding, laser beams, and/or high energy electron beams. 

The elastic layer 27 bonds to the necked material 28 and, thus, provides a 
composite elastic necked-bonded material 32 with excellent integrity and stretch : 
properties. Due to the manner of bonding between the elastomeric layer 27 and necked r 
material 28 it is possible to omit the step of providing additional bonding such as that < 

20 provided by the bonder-roll assembly 36. In this regard, tensioning of the neckable 
material could be achieved by varying the speed of a variety of alternative drive roll 
assemblies. It will be further appreciated that with many elastic layers, such as those 
comprising thermoset elastomers, use of a protective layer over the elastic material may - : 
be omitted since, once treated, most thermoset materials no longer have the propensity 

25 to bond with adjacent materials even when experiencing heat and/or pressure v/hile 
wound on a winder-roll. 

Conventional drive means and other conventional devices which may be utilized 
in conjunction with the apparatus of Fig. 1 are well known and. for purposes of clarity, 
have not been illustrated in the schematic view of Fig. 1. In addition, it will be 

30 appreciated by those skilled in the art that the particular process could be varied in 
numerous respects without departing from the spirit and scope of the invention. For 
example, the neckable material may be pre-necked and treated to remain in its necked 
condition (e.g. reversibly necked) prior to being wound on the supply roll 14. As a further 
example, after treatment of the elastomeric precursor and formation of the elastic layer, a 

35 second necked material or second elastic sheet could be attached to the elastic layer, it 
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will be further appreciated that the method of the present invention may be used in 
connection with others known in the art to fabricate a material which is stretchabie in both 
the cross-machine and machine direction, see U.S. Patent No. 5,116,662 issued to 
Morman. the entire contents of which are incorporated herein by reference. For example, 
5 the peripheral linear speed of a supply roll for the second elastic sheet could be adjusted 
to be lower than that of bonder-roll assembly 36 thereby stretching the second elastic 
layer. This will give the resulting laminate stretch in both the MD and CD directions. 

In addition, those skilled in the art will appreciate that other methods of tensioning 
the neckable material may be used such as, for example, tenter frames or other cross- 

1 0 machine direction stretcher arrangements that elongate the neckable material so that, 
after bonding the elastomeric material to the necked material, the resulting composite 
elastic necked-bonded material will be elastic in a direction generally perpendicular to the 
direction of necking. The nonelastic rhaterial may also be gathered prior to necking, in 
such instances, the tensioning force may not narrow the fabric with respect to the 

15 gathered dimensions, however the fabric will be narrower than the fabric's original pre- 
gathered dimensions. "Necking" is intended to cover such tensioning and narrowing 
relative to the pre-gathered dimensions. 

The neckable material 12 may be a knit, loosely woven or nonwoven material 
such as, for example, spunbonded web, meltblown web, cofomned webs or bonded 

20 carded webs. If the neckable material is a nonwoven web, it desirably comprises 

microfibers. The neckable material may be any porous material that can be necked. The 
neckable material 12 may be made of fiber forming polymers such as, for example, 
polyesters, polyamides and polyolefins. Exemplary polyolefins include one or more of 
polypropylene, polyethylene, ethylene copolymers, propylene copolymers, and butene 

26 copolymers. Useful polypropyienes include, for example, polypropylene available from 
the Exxon Chemical Company under the trade designation Exxon 3445, and 
polypropylene available from the Shell Chemical Company under the trade designation 
DX 5A09. Polyamides which may be used in the practice of this invention may be any 
polyamide known to those skilled in the art including copolymers and mixtures thereof. 

30 Particulariy commercially useful polyamides are nylon-6, nylon 6,6, nylon-1 1 and nylon- 
12. These polyamides are available from a number of sources such as Emser Industries 
of Sumter, South Carolina (Grilon® & Grilamid® nylons) and Atochem Inc. Polymers 
Division, of Glen Rock. New Jersey (Rilsan® nylons), among others. 

In one embodiment of the present invention, the neckable material 12 may itself 

35 comprise a multilayer laminate having, for example, at least one layer of spunbonded 
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web Joined to at least one layer of meltblown web, bonded carded web or other suitable 
material. For example, neckable material 12 may be a multilayer material having a first 
layer of spunbonded polypropylene having a basis weight from about 3.5 to about 270 
g/m^, a layer of meltblown polypropylene having a basis weight from about 3.5 to about 
5 135 g/m^. and a second layer of spunbonded polypropylene having a basts weight of 
about 3.5 to about 270 g/m^. Alternatively, the neckable material 12 may be single layer 
of material such as, for example, a spunbonded web having a basts weight of from about 
3.5 to about 340 g/m^ or a meltblown web having a basis weight of from about 3.5 to 
about 270 g/m^. 

10 The neckable material 12 may also be a composite material made of a mixture of 

two or more different fibers or a mixture of fibers and particulates. Such mixtures may be 
formed by adding fibers and/or particulates to the gas stream in which meltblown or 
spunbond fibers are carried so that an intimate entangled commingling of meltblown or 
spunbond fibers occurs prior to collection of the fibers upon a collecting device to form a 

1 5 coherent web of randomly dispersed fibers and other materials. Examples of such 

materials include, but are not limited to, wood pulp, staple fibers and particulates such ais;. 
for example, hydrocolloid (hydrogel) particulates commonly referred to as superabsorbenf 
materials. 

If the neckable material 12 is a nonwoven web of fibers, the fibers should form a - 
20 coherent web structure which is able to withstand tensioning and the resulting necking. 
The coherent web structure may be produced by bonding or entanglement between 
individual fibers vs^ich is inherent in the meltblown process. For materials which do not 
inherently form a coherent web, processes such as, for example, hydraulic entangling. 
thermal point bonding or needlepunching may be used to impart the desired degree of 
25 integrity. Alternatively and/or additionally a bonding agent may be used to achieve the 
desired bonding. 

The elastomeric precursor 26 may comprise any material which may be applied to 
the neckable material and subsequently treated to induce drying, polymerization, cross- 
linking or the like, to form an elastomeric sheet or layer. In this regard a great variety of 

30 elastomers are known in the art such as, for example, polyurethanes. silicone rubbers, 
poly(isobutylene-isoprene), poly(styrene-butadiene), poly(acryionitrile-butadiene), 
polychloroprene, polyisoprene, polysulfides, poly(ethylene-propylene-diene), 
chlorosulfonated polyethylene, polysiloxanes, poly(fluorinated hydrocarbon), 
poly(acrylate-butadiene), poly(styrene-ethylene/butylene-styrene). In one aspect of the 

35 invention, the elastomeric precursor may comprise a thermoset material which, in accord 
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with the historical meaning of the temn. cross-links upon heating. However, elastomeric 
precursors may also include materials which fall under the broader understanding of 
thermoset materials such as those in which further polymerization, cross-linking or curing 
is induced by means other than heat, such as by UV in-adiation. infrared irradiation. 
5 ultrasound as well as other methods known in the art. 

Latex formulations, Including those for thermoplastic elastomers, may also be 
used in the present invention. With latex formulations, a coherent elastic layer is not 
formed until such time as the emulsion is treated, which typically consists of driving off or 
evaporating the water. In addition, elastomeric precursors for forming open and closed 

10 cell elastic materials, an example being a latex foam rubber, may also be used in 

connection with the present invention. As an example, some polyurethanes give off CO2 
gas when they react which acts to form a closed cell foam elastomer. 

Typically the elastomers will be compounded to reduce costs and improve 
processing and, therefore, the particular formulations will vary with regard to the manner 

15 of application and mechanism for drying, coalescing, polymerization, curing and/or cross-^ 
linking of the precursor. Formulations for calendering poly(styrene-butadiene) and 
polychloroprenes are known In the art and are discussed in the Encyclopedia of Polymer 
Science and Engineering, vol. 6, ppg. 636-538 (1986). In addition, numerous suitable 
elastomeric precursors are available commercially, examples including: DPX-546.00 

20 which is produced by DEXCO (a joint venture between Dow Chemical and Exxon) which 
is a thermoplastic latex formulation comprised of styrene-isoprene-styrene block 
copolymers; acrylic latex HYSTRETCH V.29 available from the B.F. Goodrich Co.; 
silicone mbber LSR 590 which is a two part cross-linkable material available from Dow - 
Coming; and Q-THANE QW24 which is a polyurethane emulsion made by K J. Quinn & 

25 Co. of Seabrook. New Hampshire. 

Further, the elastomeric precursor 26 may be a latex having an elastomer made 
from block copolymers having the general formula A-B-A' where A and A' are eadh a 
thermoplastic polymer endblock which contains a styrenic moiety such as a poly (vinyl 
arene) and where B is an elastomeric polymer midblock such as a conjugated diene or a 

30 lower alkene polymer. The elastomeric precursor 26 may be formed from, for example, 
an elastomer of (polystyrene/poly(ethylene-butylene)/polystyrene) block copolymers 
available from the Shell Chemical Company under the trademari< KRATON. 

The elastic layer 27 may itself be tacky or, altematively, a compatible tackifying 
resin may be added to the elastomeric precursor formulation to provide additional 

35 bonding between the elastomeric layer and the necked material. In regard to the 
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tackifying resins and tackified elastomeric compositions, note the resins and 
compositions as described in U.S. Patent No. 4,789,699 issued to Keiffer et al., the 
disclosure of which is hereby incorporated by reference. Any tackifier resin can be used 
which is compatible with the elastomeric precursor, the neckable material and can 
5 withstand the processing conditions, e.g. temperature. If blending materials such as, for 
example, polyolefins or extending oils are used, the tackifier resin should also be 
compatible with those blending materials. REGALRE2 and ARKON P series tackifiers are 
examples of hydrogenated hydrocarbon resins. ZONATAK 501 lite is an example of a 
terpene hydrocarbon. REGALRE2 hydrocarbon resins are available from Hercules 
10 Incorporated. ARKON P series resins are available from Arakawa Chemical (U.S.A.) 
Incorporated. Of course, the present invention is not limited to use of the aforesaid 
tackifying resins, and other tackifying resins which are compatible with the other 
components of the composition and can withstand the processing conditions, can also be 
used. 

15 iHowever. when significant tackifier is used it will typically be necessary to include 

an additional sheet of material, such as a second neckable material (or necked material ^. 
depending on the point of engagement) prior to winding the elastic necked*bonded . * 
laminate on a winder-roll in order to prevent the tacky elastic layer from adhering to the * 
back of adjacent materials on the roll. Dusting of the elastic layer may also be used to y 

20 prevent such unwanted attachment 

In a further aspect of the invention and in reference to FIG. 4, there is 
schematically illustrated at 50 an exemplary process for forming a composite elastic 
necked-bonded material by application of an elastomeric precursor 26 to a neckable 
material 12. A first neckable material 12 is unwound from a supply roll 14 and then 

25 travels in the direction indicated by the arrows associated therewith as the supply roll 14 
rotates in the direction of the anrows associated therewith. An elastomeric precursor 26 
is then applied to the first neckable material 12 by coating assembly 24, such as a 
reverse S-roll calender assembly. The neckable material 12 along with the elastomeric 
precursor 26 then pass through the nip 62 of an S-roll assembly 60 formed by the 

30 stacked rolls 64 and 66. 

A second neckable material 13 is unwound from a second supply roll 15 and also 
passes through the nip 62 of the S-roll assembly 60 in a reverse-S wrap path as 
indicated by the direction of the arrows associated with the stack rolls 64 and 66. The 
second neckable material 13 passes through nip 62 in conjunction with the first neckable 

35 material 12 and elastomeric precursor 26 such that the elastomeric precursor 26 is 
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positioned between the first and second neckable materials 12 and 13, Alternatively, the 
neckable materials 12 and 13 can be formed by nonwoven extrusion processes such as, 
for example, spunbonding or meltblowing processes and passed through the nip 62 and 
without first being stored on supply rolls 14 and 15. Because the peripheral linear 
5 speeds of the rolls of the S-roll assembly 60 is controlled to be lower than the peripheral 
linear speed of the rolls of the bonder-roll assembly 70, the neckable materials 12 and 13 
are tensioned causing the material to neck fonning necked materials 28 and 29 . 

The necked materials 28 and 29 and elastomeric precursor 26 may then be fed 
into bonder-roll assembly 70. The bonder-roll assembly 70 may be a smooth calender 

10 roll 72 and a smooth anvil roll 74 or may include a patterned calender roll, such as, for 
example, a pin embossing roll arranged with a smooth anvil roll. One or both of the 
calender roll 74 and the smooth anvil roll 76 are heated and the pressure between these 
two rolls may be adjusted by well knov^ means to provide the desired temperature to 
treat the elastomeric precursor 26. Treating elastomeric precursor 26 forms elastic layer 

15 27 which is directly bonded to the necked materials 28 and 29. The necked materials 28 
and 29 bonded to elastomeric layer 27 collectively comprise a composite elastic necked- 
bonded material 33. As indicated above, the method of treating the elastomeric 
precursor will vary with regard to the particular elastomeric precursor employed In the 
process. One skilled in the art will also appreciate that some formulations may require 

20 longer treatment times than provided by heated calender rolls and in such instances 
other conventional in-line heating techniques may be employed such as by additional 
heated rolls, infrared heaters, microwave heaters, heating lamps, ovens and other 
heating means known in the art. 

Conventional drive means and other conventional devices which may be utilized 

25 in conjunction with the apparatus of FIG. 4 are well known and, for purposes of clarity, 
have not been illustrated in the schematic view of FIG. 4. As indicated above, the nip 
pressure should be controlled or a gap maintained in order to control penetration of the 
elastomeric precursor within the neckable material unless banier layers within the 
neckable material are employed as discussed herein above. 

30 In addition, in a further aspect of the invention (not shown), elastomeric precursor 

may be applied to the second neckable material prior to superposing the respective 
neckable sheets. The second neckable material is juxtaposed with the first neckable 
material such that the elastomeric precursors applied to the respective neckable 
materials contact one another and are positioned between the two neckable materials. In 

35 such applications the desired amount of applied elastomeric precursor may be divided 
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among the respective sheets. For example, if a 30 glrv? coating of elastomeric precursor 
is. desired, 15 g/m^ of precursor may be applied to each of the first and second neclcable 
materials. It is believed that applying the elastic precursor to both neckable sheets will 
result in an elastic necked-bonded composite having improved integrity. In addition, the 
5 elastomeric precursor may be simultaneously applied to both the first and second 

neckable materials by spraying the elastomeric coating on to the neckable materials just 
prior to bringing the two materials together. 

Referring now to FIG. 5 of the drawings, there is schematically illustrated at 100 
an exemplary process for forming a composite elastic material by applying an elastomeric 

10 precursor 26 onto a first necked material 28. A first neckable material 12 is unwound 
from a supply roll 14. The neckable material 12 then travels in the direction indicated by 
the an-ow associated therewith as the supply roll 14 rotates in the direction of the annow 
associated therewith. The neckable material 12 may be formed by nonwoven extrusion 
processes, such as, for example, spunbonding or meltblowing processes, and then 

15 passed directly through the nip 1 8 of the S-roll assembly 16 without first being stored on 
a supply roll. The neckable material 12 then passes through the nip 18 of the S-roll 
assembly 16 in a reverse S path as indicated by the direction of the arrows associated ^ e 
with the stack rolls 20 and 22. Because the peripheral linear speed of the rolls of the S- 
roll assembly 16 is controlled to be lower than the peripheral linear speed of the wind-up 

20 roll 38, the neckable material 12 is tensloned so that it necks a desired amount before 
entering wind-up roll 38. Alternatively, additional roll assemblies and/or heaters can be 
added to the process if additional necking or multi-stage necking is desired. Desirably 
the necked material 28 is maintained in such tensioned, necked condition as the 
elastomeric precursor 26 is applied directly on the necked material 28. 

25 As the necked material 28 passes under the coating assembly 24, such as spray . 

coating equipment, a coating of an elastomeric precursor 26 is applied directly on the 
necked material 28. A stream of elastomeric precursor 26 is directed from bank of spray 
heads traversing the width of the necked material 28 and coats the necked material 28. 
The elastomeric precursor 28 may alternatively be applied by other known coating 

30 processes. 

A second neckable material 13 is unwound from a supply roil 15. It is noted that 
for the purposes of the present invention the first and second neckable materials 12 and 
13 need not be identical or even similar materials. The neckable material 13 then travels 
in the direction indicated by the arrow associated therewith as the supply roll 15 rotates in 
35 the direction of the anow associated therewith. Because the peripheral linear speed of 
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the supply roll 15 is controlled to be less than the peripheral linear speed of the wind-up 
roll 38, the neckable material 13 is tensioned so that It necks a desired amount forming 
necked material 29. The second necked material 29 is maintained in such tensioned, 
necked condition as it is juxtaposed with the elastomeric precursor 26 and the first 
5 necked material 28 such that the elastomeric precursor is positioned between the necked 
materials 28 and 29. 

The two necked materials 28 and 29, with the elastomeric precursor 26 positioned 
there between, are guided Into wind-up roll 38 fonning a multi-layered composite. 
Thereafter, the rolled multi-layered material may be heated causing the elastomeric 
1 0 precursor to cross-link and/or cure into an elastomeric layer thereby producing a 

composite elastic necked bonded material which may be unwound from wind-up roll 38 
when desired. It is noted that some elastomeric precursors will, given sufficient time, 
react at room temperature and thus with such formulations heating of the roil 38 could be 
omitted. 

15 Conventional drive means and other conventional devices which may be utilized 

in conjunction with the apparatus of FIG. 5 are well known and, for purposes of clarity, 
have not been illustrated in the schematic view of FIG. 5. In particular, it will be 
appreciated that positioning the coating device immediately adjacent the roll assembly 16 
will allow the elastomeric precursor 26 to be applied to the neckable material as it is 

20 being neck-stretched. 

in a further aspect of the invention, an elastic necked-bonded composite is 
formed upon treating the elastomeric precursor 26 while in contact with both the first and 
second necked materials 28 and 29. In reference to FIG. 6, there is schematically 
illustrated at 150 an exemplary process forfomiing a composite elastic necked-bonded 

25 material 33 by application of an elastomeric precursor 26 to necked materials 28 and 29. 
A first necked material 28, an example being a reversibly necked material, Is unwound 
from a first supply roll 14 and travels in the direction indicated by the anrows associated 
therewith as the supply roll 14 rotates in the direction of the arrows associated therewith. 
A second necked material 29 is simultaneously unwound from a second supply roll 15. 

30 Necked materials 28 and 29 pass through nip 154 of the roll assembly 152. However, 
prior to entering the nip 154 of the roll assembly 152 an elastomeric precursor 26 is 
simultaneously applied to the first and second necked materials 28 and 29 by coating 
assembly 24, such as a bank of spray heads. The coating assembly may be positioned 
in relation to nip 154 such that the elastomeric precursor 26 is applied to both necked 

35 materials 28 and 29. The necked materials 28 and 29 and elastomeric precursor 26 
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together, with the aid of guide roll 156. pass through the S-roll assembly 152 formed by 
the roils 158 and 159. 

The S-roll assembly 152 may comprise a series of heated rolls 158 and 159 which 
treat the elastomeric precursor 26, e.g. dry or cross-link the elastomeric precursor 26. 
5 Treating elastomeric precursor 26 forms elastic layer 27 which is directly bonded to the 
necked materials 28 and 29, collectively the multiple layers comprise a composite elastic 
necked-bonded laminate 33. One skilled in the art will appredate that some fomnuiations 
may require longer treatment times than provided by heated calender rolls 158 and 159 
and in such instances other conventional in-line heating techniques may be employed 

10 such as by additional heated rolls, infrared heaters, microwave heaters, heating lamps, 
ovens and other heating devices known in the art 

The spunbond material used in several of the examples set forth below was made 
using known methods and the resulting spunbond material had a basis weight of about 
0.85 ounces per square yard (28.8 g/m^) and a width of about 130 inches (330 cm). The 

15 spunbond material was then necked to a width of about 52 inches (132 cm). The necked 
spunbond relaxed to 56 inches (142 cm) upon aging on the roll and equivalently relaxed . „ 
to 72 inches (1 83 cm) while being handled off the roll. : 

EXAMPLE 1 

20 

An acrylic latex, acquired from B.F. Goodrich V-29 HYSTRETCH®, was applied to 
the necked spunbond material with a #20 Meyer rod. The coated necked spunbond 
material was then placed In an oven at 103^ C for several minutes. The coated 
spunbond material was removed from the oven and recoated with the same elastomeric 
25 precursor with a #20 Meyer rod. The coated necked spunbond material was then placed 
in a 103^ C oven for 25 minutes. The resulting elastic necked composite had good 
attachment between the elastic layer and spunbond as well as excellent stretch and 
recovery properties. 

30 EXAMPLE 2 

A portion of un-necked 0.5 ounces per square yard (17 g/m^) spunbond material 
was cut into a smaller section and attached to two doweling rods. Thereafter a silicone 
rubber elastomeric precursor, LSR 590 from Dow-Coming with the two components 
35 mixed in about a 50:50 blend, was applied with a #28 Meyer rod. The two doweling rods 
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were pulled to neck the LSR-590 coated spunbond and the material was wound while 
necked. The coated spunbond was put in a 112 ""C oven for 45 minutes to cross*link the 
LSR-590 resulting in an elastic necked-bonded laminate. 

5 EXAMPLE 3 

A section of 0.85 ounces per square yard (28.8 g/m^) necked spunbond material 
was taped across its width, in the CD, with about 0.5 inch (1.27 cm) tape and 0.375 inch 
(0.95 cm) spacings. An elastomeric precursor, silicone rubber LSR-590 from Dow- 

10 Coming, was applied to the spunbond with a Meyer rod. The tape was then removed. 
The coated material was put in an oven for a sufficient time and temperature to cause 
the silicone rubber to cross-link fonming an elastic layer. The resulting elastic necked- 
bonded composite is depicted in FIG, 7 and has columns of elastic material 27 over the 
necked material 28. The patterned elastomer provided sufficient stretch and recovery 

15 properties to the necked-bonded elastic composite such that when stretched in the CD 
the composite substantially retumed to it original dimensions. 

While the invention has been particulariy shown and described in detail with 
respect to specific embodiments thereof, it will be understood by those sailed in the art 
that changes in form and details may be made to the invention without departing from the 

20 spirit and scope of the present invention. 
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\Nhai is claimed is: 

1 . A method of fomriing a stretchable composite comprising: 
applying an elastomeric precursor to a first neckable material; 

5 neclc-stretching said neckable material; and 

treating said elastomeric precursor to form an elastomeric layer wherein said 
elastomeric layers bonds to said necked material and wherein said neckable material 
recovers when stretched In the necked direction. 

2. A method according to claim 1 wherein said elastomeric precursor is applied to said 
neckable material before neck-stretching said neckable material. 

3. A method according to claim 2 wherein said elastomeric precursor comprises a 
latex. 

4. A method according to claim 3 wherein treating said elastomeric precursor 
comprises drying said latex. 

5. A method according to claim 2 wherein said elastomeric layer comprises a 
thermoset polymer. . 

6. A method according to claim 5 wherein treating said elastomeric precursor 
comprises heating. 

7. A method according to claim 6 further comprising the step of cooling said necked 
material in the necked condition wherein a reversibly necked material is formed from said 
neckable material. 

8. A method according to daim 2 further comprising the step of superposing a second 
neckable material with said elastomeric precursor and said first neckable material 
wherein said elastomeric precursor is positioned between said first and second neckable 
materials. 

9. A method according to claim 8 wherein an elastomeric precursor is applied to said 
second neckable material. 
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10. A method according to claim 2 wherein applying said elastomeric precursor 
comprises applying about 5 g/m^ to about 100 g/m^ of said elastomeric precursor to said 
neckable material. 

11. A method according to daim 3 wherein applying said elastomeric precursor 
comprises applying from about 5 g/m^ to about 50 g/m^ of said elastomeric precursor to 
said neckable material. 

12. A method according to claim 1 wherein said elastomeric precursor is applied to said 
neckable material after neck-stretching said neckable material. 

13. A method according to claim 12 wherein said elastomeric precursor comprises a 
latex. 

14. A method according to daim 13 wherein treating said, elastomeric precursor 
comprises drying said latex. 

15. A method according to daim 12 wherein said elastomeric layer comprises a 
themioset polymer. 

16. A method according to daim 14 wherein treating said elastomeric precursor 
comprises heating. 

17. A method according to daim 16 further comprising the step of cooling said necked 
material in the necked condition wherein a reversibly necked material is formed from said 
neckable material. 

18. A method according to claim 12 further comprising the step of superposing a 
second neckable material with said elastomeric precursor and said first neckable material 
wherein said elastomeric precursor is positioned between said first and second neckable 
materials. 

19. A method according to daim 18 wherein an elastomeric precursor is applied to said 
second neckable material. 
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20. A method according to claim 12 wherein applying said elastomeric precursor 
comprises applying from about 5 g/m^ to about 100 g/m^ of said elastomeric precursor to 
said neckable material. 

21. A method according to claim 13 wherein applying said elastomeric precursor 
comprises applying from about 5 g/m^ to about 50 g/m^ of said elastomeric precursor to 
said neckable material. 

22. An elastic necked-bonded composite formed by the process of claim 1. 

23. An elastic necked-bonded composite formed by the process of claim 8. 

24. An elastic necked-bonded material formed by the process of claim 12. 

25. An elastic necked-bonded material comprising: - - ^ 
a porous necked material; and 

an elastic layer in intimate contact with said necked material wherein said elastic 
5 layer is mechanically attached to said necked material by surrounding portions of said ' - r 

porous material. 

26. The necked-bonded composite of claim 25 wherein said porous material is a y - - r 
nonwoven material and said mechanical attachments comprises said elastic layer 

sunrounding said fibers fonming said nonwoven material. 

27. The neck-bonded composite of claim 25 wherein said elastic layer comprises an 
elastic thermoset polymer. 

28. The necked-bonded composite of claim 25 wherein said elastic layer comprises 
from 5 g/m^ to 50 g/m^. 

29. The necked-bonded composite of claim 25 wherein said elastic layer comprises 
from 20 g/m^ to 100 g/m^' 
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30. The necked-composite layer of claim 27 wherein said elastic layer comprises from 
5 g/m^ to about 20 g/m^. 
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tlSm (v^*>«9)^GND9>f > ) iWf^!i^i)^^\'^ 

tz)h. i^')aymWL2 0 2}L(nvyy'Jx9'^<r>w^ 

<mim<.z^mn't ttz. mmmmm i o o i ti-? 

>f a 1. yxmn 1 0 2 ^m^z^mstl tz^ . -e^ d 

K 11 0 1 tX'C^WmSm: . y 3 >a:S2 0 2±XZ 
lEfl L ct 0 < f 1. 1 3&>'X'* I. . J: -:. 

x\t. m^mmA 00 it^tmrnrnzhifz)^. mm 
mm 1 ofion 1 ^M<«it'ittB3t/^*a^ fflt^-c> -y 

^ 1 0 5 S-l^m* -fr I. C h 5 . 
[01 59] mc. SB8««!il0 01{iGND7^>' 
i:L-rffl(-^|.;«(tT=5:<. i'U3>-^S2 0 2±c?)iBi6 

[Hiff^i 1 0 1 \.zwmK^m^-fi>tz»i<7)%my^ >t 

hxi>mm'riz>i:K'^h. 

[0 16 0] [mm.<rmmi2'^ mm<^im\ '^i w.z 

§n^S«C{i£/A-'y;? 1 0 5tz\iX'^£<. v^-y:J' 1 

0 5 {zm&^m\-ntz^<r> hy>'j7. ^^ztuzm 
nM^j^i}tiwm:'cX'm^^ixiwmmmt^ 

SSnS. --H. i^-v -y 1 0 536>'?^Bit$ii^SfiC(C 



[ 0 1 6 2 ] US 1 (a, m^mmi 2iZ%t^^^ 

m^'?-(r>mfSL^^-ti^^x'h^ . mmmiBi \iz\^ 
i>^fSi^^i-^m\.^xm^itzm^^ix^^h. 
fe. ii«Siojf5jigi2{:fss^5E3:m^{i*it^T. m 
w<mm 1 1 (cf^s^S3fc^^^^ b (5i-coflifi!t{c{ii^ 

[ 0 1 6 3 3 115 1 ^z^t^m^^m'?-lzi5\.^X . > 

0 3 y^is 2 0 2mmutm.mi§ 1201 *i^(t^>ii 

TV^-S. ffiffiJ3ill 2 0 1 {i. > 'Jziymn2 0 2{nm 
iflaJ-ca^Lt't ^miSmG (Vd a ) Cg^SiiTi^ 

I., Z(r)1&mmi20 1i}^h>'Jaymm20 2. ^N' 

^ rm® 1202 ^irix , lEiiiaiK 1101 tc^ji** 

[ 0 1 6 4 3 US 2limsm^ 110 1 iO«B&fltB!c$:* 

•rm^X'hl. m5 2iZii^^Xii. ■yVziymU20 
2>:LTnMS«l 2 0 35:^1^, igftlHlif§ 1 1 0 1 i: 
LTCMOSy-M 206. 1 2 0 8»»^>^^x -f >' 
^/miKSrfflV^Ti^^l.. t'fc. @5 2(:mttB^c?)fi!llJi 
iy-h4J-O^S-^L7^, CCTmaglJi«1201i: 

LT , i^'ja ymm. 2 0 2 n mi7)T-mi^isms, 

iz}^-\^yyUzW:sAmm^K\,^l. 

[0165] mmm 1201 *>'=>flt*&$iifc^-g^ 

li. nM»«12 0 3i:vWr«figi2 02S-yi-L-Cp 
-mosh7:^>';^:J'12 06(Zflt|^$^lTV^&. ^ 
tz. p-we 11^1 2 0 Tf^tfDn-mo s hyyi^X 

^ 1 2 0 8 (s. mui^mm 1 1 x-tm i fzx oiz^nm 
1101. T-f ^^ui^yxmui 0 2±cr>mBMmwsii 
-e^-^ /l L- ! :GND{:g | g$iiTi^&. ^fe. 120 
9. 1 2 1 otiy-hm®. 1 2 1 liiCMosy-h 

[ 0 1 6 6 ] iOj: 0(2. ||M<7)^^.^.i 2{liS^2^5t 
^li^^lCiiKf. >-D 3ySlR2 0 2±lzmM'^^ 

mk-t?>m^^mi-fi'£'mifi^j:\>^tziin, i^'j^ ymn 2 

0 2±c7)h yy^'X^^mc^mmiz^t^X'^ & . t 

fz , mmm 1 2 0 mMJ 3 ymm 202 mrn^m^z 

^tE-fhtzib, £^ U 3 >-S^ 2 0 2±{Ciail L/^ii^ J: 
0 U 3 ym^2 0 2i0jgffl*»^>*£^Y -y 1 0 5i0lB 

iJiEiKi 101 tx^<mimm.im.Mz>h^<-rh^}:. 

ij^X'th. i.-yX. -mmm:GiiDy^ y^^mt^h 

[ 0 1 6 7 3 ^T^c. mmmi 2 oummmKy^ > 

tLXm^htHiX-tiK . i^^)-:iyW^2 0 2±jmm 
ig«Hl 0 1 \,zWmm:mrthfi^Gni>'^A y 

tLXi:.mm-riZhti-X'^i>, Z.<m^^i, i^Vay 
S^2 0 2$rpMS«^{CLT. n-wel I Mc^^iZp 
-mo s h^^-j^'J^^Sr. pMS^iOiftwn-mo s h 
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[ 0 1 6 8 3 US 1 iZTjktm^^m'rX'li, 
"7 < tr yXmiS. 1 0 2 (c G N D > i: LX<^mm 
l O O l $riS{tT.t,S»>', ^{z::il75Jje<T t.± 

[ 0 1 6 9 ] *^SgiOfl5.^1 1 
*i=-i5i^Ti. ^1 OtCS^-^J:'3tc31^c7)i^^.y^ 1 0 

5 s— ffltc L . mmimscoj: o iz^Kp^nmt^i^^ r g 
1 0 5r^ic^'ii(citE-ri>^o3ti7)JiJtarff 3:: 

[0 1 7 03 immc^mmi 3 ] nsgioj^^i 7i>A> 1 1 

mmti^mmizitKxsiwtiznt^mmt^m 
^\ nizm^^n^^imiiimm^m^^h ttiz^mmz 

§ 5 >u in(J0;?;^iOi^ 3 yiza i >t 7 0 0 n m 

[017 13-:^. V.<:?nu>-Xl0 KciOm^fe^ 
«ji?Ll 0 3(C«A$ii^3e«. 

1017 2} tti. .y 1 0 5mm^itf:imwnz 



'tisi^^j:t'X'mmuLmmms&i 1 oimm^iv 

XUh, —If, Sfi)C{;{iK)in,l 0 3*»'?^«$ilTV> 

ESt-^®S*>'^^t'< t'l. . #{::«}!gSt'fGN D y^y 

f 0 1 7 3 3 ^ftiojg® 1 3 izi&im^c^&m^Fii. 

fl5®l 3{Z^S^fg3t^il||35^{i. 

[01 743 i^imm)m5 3\i, 'mimmi.zm 
^^mmm=f-(m^^^.^mx'h § , 0 5 3 c 

^•rs^7t^^^i^(c{i , ij 3 ymWL 202 OR®?L 



^WoilTt^^. ig^ll 30 l*ri5(t'?.^>(2J: 

0 . » V- 'J 3 yiiig 2 0 2 ^^ii Lfz^wtmma 
iosm-i}^^m\^i>^m<'zbifiX'^h. x-^ 

X. i5.m^tli>mmi0ayh^Xh^fil±$-\t6Z>i!)i 

[ 0 1 7 5 3 'sim:^mu^6m±^mm'c i 

Tti. I.nAs, GaSb, InSb, PbS. PbT 
e. TeXti (»).«gg«7)IR-DIB. IR-DI 

Ami:m\,^iztti<x'^h. 

[0 1 763 imzmmm) ms 4ii, m2mmmiz^ 

^swt^^=Fizi5\.^xii, mimimcr>m^mi 
3 0 1 izfttx . m!^^(mmmmmm 1 3 0 2 jJi^ 
mif^iix . ziTim^mmmm 1 3 0 2 

iZtlZi*). >-'J3y^^2 0 2^^jgf S3i:*3i3t 

•ti>k\^^o^kmizisax., mmmmi 2{zfsi,2S3^ 
m^'f-iz^itf^iifii&mwfii 2 0 1 ms i^mj o 

[0 1 773 ig.7K/i«ffiStaJi 1 3 0 2{4. 'J 3>S 
«2 0 20jgiaggT@^L^l^li^.5G ( V d d ) (c^ 

i^sii-cfco. mmf(itmmmi3 0 2i}-(^i^o:iy 
««2 0 2, ^wrmsi 2 0 2S-^LT. 

10l{cmM*»fi^«&$ix^. 

[ 0 1 7 s 3 zcrtx 0 iz. m2mmmcmm^^m'i' 
(ciiitf . >u^ymm2 0 2±iziiM^^m^-th 

iE«S:S{t|,iejS*s5rV^;tA6. ';3>'SS2 0 2±0 
h 7 > i/x :5'^oie^iOieg{:^s-it;fti-* I b 

m2 0 2 mm^mizm^^ixx > -s. Tt*^ . >- ij 3 ymm 

2 0 2iOM]a*»i?>#i^+ -y 1 0 5iO«BiSIIlK 110 1 

j:*mtHZ'h^<i-^zb^x'^^. x-yx, mtsm 

MmM.&y^y^Wmbti>^!Si^i3mm^(7)mbf^i: 
'J^'kKtlZbii^X^^. 

[01 793 ttz. i&mmmm 1 3 o 2{4. ^j® 

n&y>(ybixm\>^lfzm'^j:<, i^U3>'S«2 0 

2±(7)m)m^i 1 0 1 izmmmiiLm^ttiiiixoG 

NDy-fyblXl mm-t^ Z b tK'^ h . 

[ 0 1 8 0 3 'Srfc. mmwimm 1 3 0 2mw) 

bLXM, InAs, GaSb. InSb. PbS. P 

b T e . T e \,zmmAt<ritzjhayK-Wi9S^ K-ey^^L 
tz{,<ry^, ^WmbLXK%, Au. Cd, Pb. c 
u. Pd. Pt. Sn, Zn, ^C0iL<J4. WC^ 
'Jayi:C7)a?»ttollV^A I , Co. Cr. Fe. M 
g. Mo. Ni, Ta. Ti. V. W, Zr^^m^^h 
Zbi)K'%h, 

[ 0 1 8 1 3 Hf-mmm 1 3{;^i,3g^^^ 

^^^fcV^Tt. 01 Ot:S^'rj:o{C3tS:cOi^^'.y:^i 0 
55:-ffl(zL. fi!3RSffi3cOJ:3{2S5:S^|S*»<i,RG 
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[0182] im^(r)Bm 1 4 ] mm.(r)mm2i)^h 1 1 

^Z^h^mt^m^f-i^zav^Xli, > -'9 1 0 5(Ci!i 
<»m-J3Sr J: <th:ibl<zX 0 r/^ 1 0 5 

IBiftmSSll 0 liOME-*^'. >-vv:71 0 5t*tl6]-ri) 
(SiiTLl 0 3|^g|IiOM) ^imt£}£<h^ 

[ 0 1 8 3 ] -f-vIT. ^c^?g.^.l 4{Cf^|.2S3tS^p 
^S6<7)?gS14{C<^|>^^3^li3glSi. 

SIS {mtmm'<r>i^')oym, inrnmrni) 

[0184] (mmSSfRI) 05 5li. |U|i7)jg®i4 

<n% 1 %wm.z\%hmmt%mm-<n'm.^^'t^^ 

X'$)h\ ll5 5(:fcV^Ti^l»3>-S*52 0 2{i. ||S6<^ 
JB^2 -CifiBBL^ J: 0 izmtlt1tm y^sm^2 0 1 ±{2 
mm.^i\X\<^i>, ^LX. ijvxmL20lti^*)ay 

s«2 0 2<miz\immnM 1401 *»'jf?B!t$ixTv^ 
cc?)3iH3^tiii 4 0 1 \mwtizt^\.\xmmx'h 

htzih. «a?Ll 0 S<7^\i!,n^'it^-kti^'yy^mi2 0 

[0185] m^m%m 4 0 1 ii>v:3ymm2 0 2 

fctfg4LTt^l.f^**), i^';3>'S:^2 0 2>:(^l{j3[(.i^ 
0. i-oTSiifLl OSrtgpc^MtililSlitc^ri,. L 

^^**r)t:. ;y5xai«2 0 1 ±ximiii osiznmi 

tmmmz^j::^^ 

[0 186] l(r)J:o^j:mmz}5\,^X, >^>/:?105 
jgi6« 10 5a 14 Jtji?L 103 rtiSi^S Oiai7)»S?| 

:^j?tf(tT=&r< . nmn 1 0 3 izmta ix\>^imsmwsi 

14 0 1 i:c^ScOif«5l:^(- i iMStL 1 0 3 f^ge 

iZ^j:&mzMmil 0 5 a*>'^{tl>ff€?l:^)^J: 05$< 
•r^Zbi}^-C^i>tlJ^. i^-\-'y:^10 5<^JCS;^t:-K 

[ 0 1 8 7 ] t^. ^Bj^mP.1 4 0 1 ii/fyxmm2 



J: 0 i.zmmmm^, 1401 (im>if.mEv d d ^mut^ 

m&t lX\.^^tzib, ^BM^M 14 0 1 *-^L-ClBi) 
ElKl 1 0 HzWrnEirnkthZttn-^^. It: 

T. > 0 3 > a£« 20 2 ±(-«jgiiE$-«^-r 

'J 3 y&m 2 0 2 ±C7) h 7 >-i,';^ 

^r5*-^?^^-w:i> w > I. , s ^c. mmmmm 1 4 0 

l(J:;!r9;^««2 0 l^®(:iS{t^>*it:t^^fc*^. 
3>««^2 0 2±{Ci5{SlL^«^J: 0>!r9J^«S2 0 1 

cr>mjRfj^i^^'>^ y^io 5<^mW}mBi 1 1 o i ^ 

[0188] m2mmm) m5 (>\.i, nm^ommi A 
(^m 2 mmmiz^^^m^mm^<7)m^z:7r.-mm 
xhi. zco^2miimizi^^^^yi^m^ii. m 
ommisx'mmitzXoiz. ><jaymm202^:m 

[01891056 ic^-r^7ts:Ps^cfci^T . a 
iifLi 0 3ioaiasii^i:{4^B^^miKi 4 0 ii}<mii> 

il. Wm.10 3<7)ttinm<0)tfy:!^M2 0 1 fcy 'J 
:3ymS.2 0 2 i:<ora{;{i:it3tl«<^fiUi 1 4 0 2j&J 

mfhtix\.^i, m^!§mimtjiMi4 0 2ii. ^y^ 
mw.2oixii'^v^ y&m 20 2 cnmm^X'mwMiiL 
( V d d ) izmm^iix^^i, . Ltit^-yx. mMum 

mnMl402i)>hi^>jaymm202, ^UTWMl 

2 0 22::ft-L-c. mmmi 1 0 lizmm^m&^ii 

I. 

[ 0 1 9 0 J ^f^. iSB^IimiSl 4 0 1 L. ^'yxmm 

-2-Q-r ^t A ym^ 2 0 2 < ^ mw c^m ^& c v- 

dd) lzm^^i\X\>^?>. Itzifi-oX. /fyxmsil 2 

0 2±x'^mii 1 0 3 iznm bx\^^mimmK i o 3 
f^^comtmmmz^j:^, z<7)XdKcmmzi5\,^x, ^ 
•r "/ 1 0 5<7)ii5t<R 1 0 5 2it^mm*'^mmnzi^ 

t ^ . 1 0 5 a{4SM?L 1 0 3 rtgpcoMi: 
OiaiO»«?l:^;t'tfCt*< , SillL 1 0 3 (CiSai LTV> 

i>^BMm^i 4 0 1 tcnmio^m^mzx oTima 

tLl 0 3rtg|5iOM(c§ll'^-ti:^>iil.. Uv:*>'oT. mt' 

hmm^z^'mizmmiio 5 a*>'g{t-&»m?i:'js: 

tr-Kc7)i6i±. v--^ -y ^^ti£^/M<i:Rt«Pliii«E<^fll 

[ 0 1 9 1 ] ^7^. mmmmtm 1 4 0 2{4;!f7x 
mn2oi (TimmmizmLtifzi^, 0 ^ymwi2 
0 2i.izm^Ltim^x ^i3^xwsL2 0 1 ffymm^h 

^iy^ y 1 0 5<0lBillHlRl 1 0 1 STcOiaB^S- 

< -r S t ifiX'% h . i 0 . i^ffiJ5i=5r 
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1 0 1 9 2 3 sf-. siiTLi 0 3coiiinizmif(.iitim 
mmm 1 4 o i tmmmmmm 1 4 o 2 ^-ais 

«2 0 2mmi^^.mmmm 140 1 tc®«mj®>s>^ 
c 0 1 9 3 3 iiU:.mBUzm5 5Rxm5eiz^.^mi 

SSl 0 2(CGND7-< yi: L-Cc7)SBB«®iei 0 0 1 

(^Jfec^JiJHIl 0#B3) i}<mif^ilt^^hi/i. mzZtL 

1 4 0 1 ximmmisMixm 1402 x 

U 3>S«2 0 2±iOlEij)|a]K 1101 (cmil^-jat^-f 

1 0 1 9 4 3 ^rfc . :mmeomm 1 a (c^ssig^tSrlS 
^i^*5V^T t . Hi OlC.T^t-J: 5 (C 3t!c£?)i^A' >y 1 0 

f 0 1 9 5 3 {%mmm 1 5 ] niscojg® 2 tisbj t 

^J: '3 {c, Sraae^^T^tz^v^SStti: t^^iS s i 

^mmzii ixmm'^^^myc^mmimm ititc^iz 
•t^z tijmt u^m^m^. zff^xo^j:mm^'iU 

>'j^yt ^yxc7)miz^s. miai. 300 'cmmiz 
mixm^ihz> ^^h<^mmm^fjmf(,hh. t z 

hii^. I^S«-^2r'ff^l^{;EnSD$*iS«ffiilkvmS 

^^^^tix^^^mmt^t>%K^f^-th t^m^m^^ 
^mm^ixxLtoztt^hh. 

^^^tm-Thfzibmimx'n^^ii^mm^i'i 
^^mitmizii!tim&^-\t:s>tzib<^Mmiii 0 3*s 

wm^tlX^^l. Lfzifr,X. ®ii?Ll0 3i0^^4(Ci: 

0.IEUEK1 1 0 1 mmmmLizmmmm^^j!- 

=2r < i. . ^{2 . nmmj^G n d 9 y ^ 



mm^ti^ztm±L. mimum.mz^m 

t<r>X'$)^.. 

[ 0 1 9 8 3 H 5 7 . mt&mm 1 5 (cf^ i>ss3t^^ 
w^=f-<r)n^^7ii-m^x%^ . n 5 7 {c.T^-r^^ 

3>-sfi^2 0 2{i. i&mmi 5 0 1 

$':n-LT^7^^^T'jb^>y7X«^2 0 1 

Ti^s , 1 5 0 1 (i. n m.(7yTMm^nm.\.z 

^-"t^yfLxmLtzmmxh^. i^^)aymWL2 

0 2 t^iSjaaj-cm L ^-v ( V d d ) 

iiT v^^ , ::ofS«ta® l 5 o i > t; □ >-s^2 0 

2. A>fT«gl2Q2^yMT. iEUlHlKl lOHZ 

«ss*»ms^$. ^rtj. {gfifiti 15 0 1 i)^i:>mm 

fSl 1 0 1 <w^«2:fi^*&-rsfi|flt{2ov^-C(S||ifiO}gS 
12T'll5 25:fflv>TittBBL^;ty>. ^vI-CWiDiJiHfl 

10 1 9 9 3 Zcr>J: o I.Z. mmmm l 3 

. y a >'S«2 0 2±.{,z%unS.^^t^ 
't^W^^m.\^h'Z^ifi^j:\.^tz»>, i^ija ymWi2 0 2 

ttK't^, ttz. l&mKMl 5 0110^0 a ymm2 
0 2WM^WIiZ^F&rthtzi^, >-UrJ>S^2 0 2±(z 

mm uz^-^x oi^oa ymt 202 ojgia*»<>#i^^ 

[02003 tJt. ^y:^mWi201ti^V^>m2 

0 2tii. m^ifzjio izm^em^ , mmmm^ 
^'^^i}'^mmis^izj:'om^^i-i:^^m\\ m 
mm^ii .300 'c<r>mm§{,x'iy v 3 ymm 20 2 
y.^mm2 0 1 latci^ij D>'ii;5>/i> 1 kvm&<r)MK^ 
imix'iihith . z<^t^. Ik vio^ff i 0 

'J=J>-S^2 0 2±i7)|HiSg;&.TiS^§^l,^^^'^^^ ^ 
iKii^y =7 >^S2 0 2±i^Isil&^jhLT«ffi^e]|lirt 

J 0 2 0 1 3 m(i<mm 1 5<^mm^&mm'?'xii. i& 

iSMM 1 5 0 1 y 3;y*«2 0 2tD>A' -y 1 0 5 

tmmcomtzmffzfzib. ms sizTjki-xdizmin. 
® 1 5 0 1 b:^'yxmm2 0 1 b comizmM.Emm-r 
i>zti)^x'^i>. Xr>x. i^vaymm2 0 2±<7)mm 

u n ymm 2 0 2±(7)mmm^^tit z t m±-ri 



r O 1 Q T 1 JS. 



r o r> o 1 ^ . 



1 1 ir r» 1 > 
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*1g2 0 2rpM(-LT, n-we 1 1 ifiOifllp -m 
osy-yyi/X^^, pSS^iO^iCln-mos h7>' 
[ 0 2 0 3 J 135 7 {2^-r5^5feS:P3g^{Zt>V^T{i, 
V'f 7 DP> XS^ 1 0 2 (CGND > t trSB^ 

±is^m«rf#s ^ > ^ c ifz, i&mLm 1501 

€::frLTi^»J 3>««2 0 2±OlE»IllK 110 1 (el 
[ 0 2 0 4 ] ^f^. i^'J 3>-«lS(C-fta$it|>^^S7ttt 

I, 

[ 0 2 0 5 ] M(c . >^ y ^i)Hm$ivmmmm^ 

tlx. Sicoffi. Ge. Ct'i:'iW$«s, Ga. A 

s. I n, P. A 1 mi)^^m&$tL:s>it^m^f^ (G 

aAs. GaP. GalnAsP, In P^) , Zn, 
Te. S. Se. Cd^j:t'i)^t:>tik^^tlUt^m^mi^ 
(ZnSe. CdS. CdTem) mim^^h:.ti)<X' 

(mtli^--yy (n) (7)7 7 40, 7 0 70).i£ 

[ 0 2 0 6 ] ^:i3 . *^tec7)Jg® 1 5 (Cj^.|,Sr^3t^^ill| 
«-=FfcV^T t . 0 1 0 iZ^tX 0 fw 31XcOi^^ y 1 0 

1 0 5X'Hr-^^iilzicim-tl^cr>%<r)mmz:no z 

[02 0 7] immc^mmieimmcommii)'^! 1 

(r)^mz}5\,-^Xii. i^^-y^l05 *-IBI!rt^8IZi!i[S]8S 

^m^it^ ^z^m:tznthTmm^m^ c 

fc^rl). CT;t.(^2 0juincoraR|T'i^^>y^$:^ttJ:di: 

3 y(cfcv>T 7 0 0 nm<?!)iS*03t(2St-f 'S3S3i?^{i2 
[02 08] V'f^nuyxi 0 1 'jm^tlS 



n<r>Bmmi}immitzmx'f>^m-^, z<r)Mt^t^m 

W.i:^lM^t^j:'>XXif - > ±i?5ffliS03 > hy 

[ 0 2 0 9 ] life . jx-r ^' 1 0 StM^^ixfzmmz 
iii^ r >:/ ^ 1 0 5 7tf(fC't'< . v-r ••/ ^ 1 0 5 (cmE^ 
EpflirrSTti^iO h 7> i^'x:?-^* tidfi^. mj®$-A.t> 

~1i . S^{w{i«3i5l 1 0 3 mm $ iiT V ' I. . L /L-«>' 
->X, aii?Ll 0 3co#ft{zJ: OiaSlsIf#*rieS^^ffi 
mt^J'^^^ < 4-^ . ittlC^jgSt^G N D 7 ^tSffi«|i|iJ&»* 

[ 0 2 1 0 3 letz. %tmm2 tkbj L^.: J: ^ {2. 2 

f4T-t'* x\^h%'mmm.t f]yy-m<mwt\znL 

I. . z<7y^^coijmt IXliimii;, mzi^ OaytHf 

[0211] -e^iT. mmcrmm 1 6{;^s^3te^ 

mmi 6{zi^,imm^^m^^it, m^mntnm 
y&\tmncomzM^imffztcr)X'hi>, itf, z<r> 
^mM%i-<nmL^ (^inteM) m i^2%u 
m) \.zm^\^xmsAzwmfh. 
[02 1 23 (VM^'m) mi<mm2xwm,tzi. 

'AZ, '^^%^mm-^ymms'&.-k^k:fhfz^\iz 
(i. OA^l^-T-,^im^^fLhmktiiyxm 

iy^z^h-^mfmrn^Ht, iiito?^2(z«&^iajt 

^^m-\.zmmim. 1 3^z^hwm:^m%i-^wi^ 
Lfz\j(^xhh, ttzt^-^x. mmcr>mm2mj^i3X' 
mzmmLtz,^iz':>i^xii't(7)mmm'r^. 
[ 0 2 1 3 3 115 9{s. mm<r>mmi e^ym 1 mmmiz 

^ 1 0 5i>iim^iixv*mm±^mm'$)hi^')ay 
mm2 0 2{i. ji3fei 16 0 1 ^:'frLxmtitmiSLX'$) 
i^'y^mm2 0 1 izm-^^i^xi^i,, m^i e 0 1 
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[02 14] ^<7)J:olzi&mi 60 1 imftZciz 

ct 0 . m -^i^ u a ymts. 2 0 2 i ti^wyti^iftm 

?L 1 0 SlMfp^mixh i > ^Kit-r-S. J:*<t-§ I, , 

f02 15]=5:tj. »r^S-iSflXtSjeBil60 1(- 

ti. InAs, GaSb. InSb. PbS. PbT 
e. TeX{i(ft)S^<7)IR-DIB. IR-DI 

[02 1 63 i^vay^ni 02b ixmmmmm 

tlXit, SiiOfte, Ge. C^jtycO^mH:. sSv^ttG 
a . A s , I n . P , A 1 t' b'iJ^^msSt^ti:^^^^^^^ 
«ft(GaAs. GaP. GalnAsP. InP 
^) . l!tU{iZn. Te, S. Se. Cd:$rfc>4,m 
$^^^l:^!|%^^«:(ZnSe. CdS CdTeS) 

[ 0 2 1 7 3 ;4f7;ia^2 0 1 > ixiommm 

yi^)<r>1740, 7070) . m#.;!r7;i. V- 

[0218] (m2m&m) me on. m<r>m^ i e 

1 2xmmLtzi&mMi2 o i (@5 i^s^) i:mm 
I. mi mmfmmm leoi izftx-xmia^m^ 

1 6 0 2 1 LT I , 

[0219] ii<7)mmmi&mM i e o 2{i. v y a 

2 0 20®iagp-e^ LCri^«}g«(S ( V d d ) 



1 602*>^>i^'Ja>^202, /NVr^ffil20'> 

^^LT. .fiEiiniKi 1 0 n-^igf;i<fitjA§iT.i,^ 

J: z>izi.>j zi>mm2 0 2±izmmEmikt^m 

2rg»tSig'S*«5ri^/ci^, .j ^ > 0 2±0 N y 

^/c. il3i:l«ffiffii3i® 1 6 0 2(S> U ny^lgo 
0 2comikmiz^ti>cOT, > 'J 3^8^2 0 20 
^ja*»^,#>'^ -/^ 1 0 SOlBiftHIIgi 1 0 1 ^T'COE 

w&ijii, >-v^ymm2 0 2±izsmuzm-kxoM 
10 220} tti. mmmmmi e o 2iin,mM. 

Ey^ yt LTffll^S;t'{tT'^r< . 5-';3>S«2 0 2 
±<7)iE|j,iii8si 1 0 1 lzmi&^{xLm^i-lt:i^(r>GN 

Dy>(yt ixtmmt^ z ti}n'% i , 

[022 1 3 j&mmmmm i e o 2mm t lx 

li. InAs. GaSb. InSb. PbS. PbT 

(0. itmmX'h^Ag. Au, Cd. Pb, Cu.'p 
d. Pt. Sn. Zn. ^zmKlt, mti^V:]y 
tmmtm\.\ A1. Co. Cr. Fe. Mg. M 
o. Ni. Ta. Ti. V. W. Z r^SrfflV^^C 

[ 0 2 2 2 ] ^/L> . ii^tiaei^fiil 1 6 0 2mm 

^^M^. ^2{;^t--^y;P:jr_j^^,^^ 

■5> < 

[0223] 

-m^ — : 
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Sn/Pb 




ro/ln 




Ph/Ag 




PkiGW 








Pk/At»ISK 




Fbnn/Sl) 
















Sn/Au 






lift BB^K ^ 'f ~ 






In/Ag 




in/Fo 




In/Aic/Pb 




Bi/Bn 




Bi/Sn/Pb 




Bi/Sn/Cd 




Bi/Sn/ln 




Au 




Au^ 




Au^ 




Aii/Sn 




Au/ln 




Au/Sb 




A\a/Gti 




Au/Pb 




Au/Cu 




Al^i 




Zn/Q«/Al 




Zo/Ge 




ZnyAi 




Zn/Ag/Qe 




Zn/Sb 




Zn 



[ 0 2 2 4 3 jl3tiiaSi^l]ill 6 0 2 arfflt^/c^^. 
> 'J 3 >^S«2 0 2 i; ^'y7.mU2 0 1 i; 
h^lZ . jgit«3fe(SfiJ5i« 1 6 0 2 ^S^i: LXmtm 

msmm i e o 2 ^:;<r5;^ii«2 0 1 fSAzmws.^^ 

im-h ?>tiib. U n >SS2 0 2±(c0BSt 

#fi3) . Uztf^-iX, ;*'7;^*«2 0 1 i:£^>j3>«1g 
2 02i:l:|^ffijt^-t|,|||C. j^'J 3:^8:^2 0 2 ±iO 

[0225] m5 9RXM6 0lZ9ik-tmiRX/m 

Sftil 0 2lCGND7-f ixiOimmmmiooi 

t^m^iix^^^ti', i^{zztLi/im<xh±msimii% 
10 2 2 6] ttz, :^mmmM 1 5 (c^-g,s(a^^^iiii 

^i=^i}v^tt. mi oiZ7jki-Xolz3tk<r)i^^ y:^ 1 0 
>r/^ 1 0 5T--5-ii-fii{;:i>HL:>-t|)fec7)5tc7)$ij^^^Td; 

Mzxo, -^co^mmmm^izj: 

[02271 

( m-m 1 ) iiitf . 5t^*3fe-ri> w yxt . u V 



10 2 2 8] tti. :^m<^?Em^/£^m=F (mm 

2 ) iz^ivif. mm 1 imr>^mf^m^iz)i\,'^ 

^m^'^m^, KiiTLi: V A- -y ^ > I, h IC t 
«jiTLCAIt$^/w3fe*^'«jifLl*ia5c^MffitcJ: 

[0 22 9] tfz, *^HB02^3te^p^i^ (ft^^S 

3) (liiitf. M^«lXti2i£i5i02^j^^^i^{:: 

iz. zcr>^m^c^m^^m\''^xn^timm(^mm- 

WS^-Inl >y)iV»S A 



<22) #53^10-3 9 23 9 



[0 2 3 0] tfz. ^^mco^^i^m^ (m^m 
[^^mt<7)mizm.E^wija ix >• -v «•/ *-^< ^ > iz 

[0 2 3 1] tfz. ^i^^nery^msmm'p (mm 
sm&ms.'i'izm^^tihz t^zLtitzib, ^v^x-yf- 

[ 0 2 3 2 ] . *MB-acosia3fe3giii«^ ( 
X. m^H^HS^>'. (110) ®o®:^e2-jtomifefH 

feSfiKCT) < 1 1 0 > W(:¥ff^ja£c^(+4>iT.|, zblzL 

[0 2 3 3] tfz, :^^m(r>m:^mmm=F Mm 

m^^ifLxx-^ ')-y\,zi5.mivtzm^(mf^^\^±. 
-thztifix'^i,. tfz, tm!f^wm=F<^>[-mtim 

[0 23 A] ttt, ^wm^fs^emm^f- (mm 

8 ) t J:^{f . if ^ 1 7 ^-f il*»Ci£iJc7)SS 
ffiii . uyxw^ t -y ^tm&i^ixfzmLb<r>fS^(r) 

[ 0 2 3 5 J iJt. 2tc|&Hj^35|a3^3^5g^ (fg^^ 



^O^Kt^ZtlzLtztzify. /5A*W<, nmi}^-^ 
^ni. yXmn^m^^fz^Xh-oX h , i^-ry-S^ 

X. >^ -y ^<r)mi^mm'^m^coiSiTm^-kmm± 

[0 23 63 *5|Hj£0S^^t^«^ (m^mi 

0 ) izMf, n^m 1 3:)^4> 9 coi^-fii*>{cieijo^r5 

^: -y t (C^^l-f iXBlf^«0€E 2r EpjD LT A- -y ^ 
ggm^iirl. ^ J: {:: t/::?^:^^. -y ^imt^ii>mizm^ 

t^^izM^i-^xi,. mmm7r4Z'2'^^m^\m^mx' 

i^-^'y^i)m<Xoiz-t^ZtiiiX'^?,, 

[0 23 7] ttz, :^m<7)^mmm^ (mm i 

1 ) izMi. n^i osmcomwcsmm'Fiziiu 

X, ^'c-y^t^WLlf^iXtzmWlK i^^-y^^WMith 

ffiiftiHiK*r<ix. mtmmMtmmmtz:nmii.z 
w^-thtMz, mtm!m^zmmm>mimsx 
immnB^mith ztiz uztzifi. fmm&t<^s 
iz^m^mz-th z t *^T-# I b mz , mmxitG n d 

[0 238] ^tz, *f6B802S3t3gPfK^ (mmi 

2 ) t.z^ix\i. mm. 1 xitmm3t-t^ 1 1 w^-m 
•hHzimo^^m^m'^Fi.ziiux , mw, i^^-y^ 

ti^WLi,ihixtzm<r>WMm(mkzWmMi^Lh Zb\.z 
bfjK'^l, Ltzt/^-oX. mWLt<^hyyi^x^^<;) 

w,miz^mi)^x^ , mmmmtx-omam^fmri, 

z b ij^T^ I. . J: -oT . ^m^mm^<r)m(r)^^m 

t:f^±^-t^zbt^x'^. tfz. ^ssm&m^(r)mi 

ifc7Mm*:m^zbi}n'^i, 

10 23 9] tfz. :^^m<o^m^^mm'f (mmi 

3) izxixii. mmixiim^m3i}>(i>i iw^-m 
i>^izum<o?smismm=Fizii\.^x . mw, i^^-,^ 
imvfhtitzmmmmmKz^'m^mi. s c t c l 
fztz^, muf^^wmi^mkL, x7^)-yiL<m 

<^(7yoyYyx h^«$r«T-ri. C b miLth Z b 

t)-x%h. ttz. m$L±izmimiiLmiktim& (i^ 

hvt>^GNDy^y) Ximmy-fy^mitHSiKi: 
<-rzbi)<X^^tzib, mSit(^h'^yi^'x^^ffM 

miz^mn-^ , wm^^tx-mmm^m^t z 
bt/^xth, iinx, m^^mm'f'immz^^^r 
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[ 0 2 4 0 ] S . 4^.?E1fli^)2R3^t3;iSSi^ ( m^m 1 

isfit-ri. ffijitzis )ttt.'?;'^)3 rmi^ztiz ifzfit>, 

[ 0 2 4 1 ] i/- , *^eBJJ^)^rBl7i:Mi^^ ( il^Ji 1 
( V >.r>«'f ^,(.;ne) 7 -f > ) xtil; 

R'(/n^mf^<r)im^mh i > t^x^ h > mz. ^^3^ 

[02423 4^. WJ<03ERg.)t.'SP«i=- 1 
6 ) {- Jrfitf , iS^ii2A^ib 1 4iOV%-fii*Hlfe«<^2 

I^jEjKI $:^{ti. i: (c L/vT^c*^ . im^mmiiiiz-^ 

X. ^mic&mL±(7)hy>>x^'^m(^M^iz^Mi}^ 
x'^ . mmm%t xc^mi&ifL^rimi-^ z t a^t'I^ 

ttz, m^m^mmbixim^^mnt'm^^m 

0 5:l6]±t- S Z b ifiX'^ -5 . 
[013 *^BJi0^SfiOJf^®l{3f^SSS3t^lgi=-O 

^ 1 mmmm&^^-tm&mx'h^ 

[02 3 1 {3^-r2^3t^P^i^$rmJi!i-r.S 7 7 -y r 

53 '5'<7)»(iP*'^i^-*-J|irRRa7»*; A 



103 3 02(-:^t-r7 7 y7'S>^-y^?i7)^A-A* (2 

( b ) {ii. -y SrSv \t:m^i -eii-fil* Lt v »-l. . 
[04302 iz^-fy y -y 7'S> ^ -y ^J'c^^ B - B " 

[05 3 ^^<r>mmmmnzi^.hm'^%^mm=Fiz 
*sv^T . > -^^ -y ^^om^MX'iomixft&^m^M-titzi^ 

[06 3 fif*7)2t^^^ii^^(ciji,>x . > -^- >■/ 
4t^,T'iOiiii3tft*rUiBBt-S/ii6iOiliBfl0T^I. . 

[07 3 ^^<r>mm(r>mm i {:fsi>SH3t3t«i^i7) 
[09 3 07 t:^F-r^^3\^^s^^fii«-r ^ -y ^ 

i^BBE3^^ *:ieH^-fl. 3t*^cO|gBB0t'2b 0 . ( a ) ti >- 
^ >y 2rW tf^^t®, ( b ) {±>-^ -y rJ' ^:g|^t^^^t^i$• 

[010 3 *^Hgc^||teiOJ^SR 1 {l€SSSIBl3t3^^ 

cr>mmm^^ktmmix'h s . 

[0113 *^BJ<^J6iO0®.l 

{zt5\.^x . mQmz?.m^ivfz^(Dm'inmmm 

0TftS. 

[01 2 3 *3^B^c7)||J6c7)J^2t2^|.ffi|Sl3t3aBI«^ 
[01 33 2tx^Bi§£o||teiOBS2 

[01 5] :^^^Bn<nmm<7^mm3iz&.i^^^mm'f- 
c^m2mm<^^&^^tmmx'h^. 

imi7]:^^mmm<7^mm3iz(^.h^^^3mm=F 

<^f^4mmM(7)m^^:^^tm^x'hh, 

[0183 *^%Hj3c7)iijfe£o^^,^4 m.h^^m^m'iF 

(om^^T^t^wi^X'h h . 

[019 3 01 9ioiic-c- fzanhmmmx^ht. 

[02 0 3 01 9C7)^D-D' {Cfc{tl>ffirBD0T'^)l). 

[02 1 3 ^%^mm.wymm.5\,z^h^^^^=f 
tm^^i^t'mmx'hh. 

[02 2 3 021<7)ISE-E' CiSttSISfffiiST**. 
[0233 02 m^F-F' {;tJ(tSBfffi0T'^>S. 
[024 3 *^Bjc7)^j|iOB®6{;^S^^3t^S^ 

[02 5 3 02 4<OISG-G' t:t>(t'&Bfffi0'C*&. 
[02 6 3 024O^H-H' tZti{tl.6llffi0TI)S. 
[02 7 3 ^^HJiOSIStcOJgffieCfiSSSig^^^^ 
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[02 9 3 ii2 7c7)ii.]-j- iz^i^mmmx'^^. 

[03 1 3 mSiS^v 'J 3yS^c7) (10 0) 

[133 2 3 *l|B8i^^teJ7)?^®7(Cfil^,^ia3fe^Dil!|:F 

[03 3 3 miS^BV 'J 3>-S^co (10 0) 

[0343 *^Bjo^j|coSBg 7 •^m^mWr 
\>Z^v^X, Jm^> <Jay^WLC^ (110) B^fi&fflt 

[03 6 3 ^^m<r>mi^<Dmm8izg^^^^mm'F 

[03 7 3 W^^O||i}ScoJg®8t;<^|,2S^I3^§)S^ 

[03 8 3 ^^^mmmmsiz^hts^'iemm^ 

[03 9 3 *^BJ<7)^SS<;0J^SI9tc«S^IS3\3SP3R^ 
[04 03 *^BJiOmfm®9(Cf^|,2ES^|^|g^ 

[04 1 3 ^^^mmt^m'm9t.z^hms^j(^^mi- 
[04 2 3 ^^B^<7)mmcomm9izi^:t,^m^i^m^ 

[04 3 3 *l|BBO^£7)S® 1 0{;:^SSia3l:3t'P« 

^^7)^ 1 mmmiommfF-tm^mx% i , 

[04 4 3 114 3 iz^'t^myesam=Fmm^^-( $ :/ 

[04 5 3 04 3{z*tSBl3^Si^cO«>f^2rittBj-r 
[04 6 3 :*:f6HBiO^Mc^®l 0(-^|>^ia5feStm 

[04 7 3 :^^(7mn<^mm i o cfisssia^siiiii* 

[04 8 3 ^Igflflco^teOJ^SSl 0(z(Sl>^ra3t3g|«lg 



[04 9 3 ^%^n(7ymm<7)mm\ o^z^^-^^^i^m 
■t^ti<i)<r)mmiX'hh. 

[0503 *^Bj<7;^jscjr)^ij| 1 1 izm^m^smm 

[05 1 3 ^^m(r)mm<r)m%\ nz^h^w^^ 
=i-m^^^-mmx'ht . 
[05 2 3 :^^(r)%m<mmi 2i>zi^hmm^m 

[0533 ^w^n(r>mm(nmm 1 3 i<z\^h^msmm 
=f-m 1 ^i6WoflifiK*:^-riiEK0i:'S)^ . 
[054 3 *^B3w^i6c7)jg®i 3{z\^h^m^m 

[05 5 3 ^mmMmmi 4 cfiissisi^s^j^ 

i^'^ii 1 mm<m^si^^'mmx'hh . 

[0563 *l&BBc7)^JfiiO?^® 1 4 (Cf^l.SBij^S 

[05 7 3 ^^«mmm<mm 5\,zi^h^mitmm 
[0583 057 iZ7n-f^^^mm=f^mw^^^:m 
0T*s. 

[05 9 3 ^f&iRmmmmi 6tc^ssia5^« 

^^^0^ 1 %wm(^m^^^^rm'^mx'hh, 

[06 0 3 *3%BJcO^}gc7)jg®l 6(Cf^S^Sl3^Si« 
1^<^m2^ifil5!lomSr^t1iBlt0T^)^ , 

[06 1 3 ^<^'&^!tt^m=F<^mm:wm-htz}h 
[06 2 3 ^^<^^%mm=f-<mwL^mmht:»> 

«^gi^B0-c*s. 
tieBj0Ti).?.. 

[06 5 3 mmr^ ^~rv-{<r>1M.iWLm-thtz>sb<r> 

wmx'hh. 
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